Whether transpiration is beneficial or harmful to the development of plants is a much debated question. CURTIS (11) contends that it is almost entirely harmful with essentially no helpful contribution to the physiology of plants. MILLER (15) appears to agree with CURTIS when he states that "it must be admitted that its harmful effects outweigh any of the benefits that may be attributed to the process." MAXIMOV (14) seems to feel that transpiration is less helpful than it is harmful, suggesting that plants could adjust themselves to conditions which would prevail were transpiration non-existent. BARNES (2) in 1902 wrote that as plants developed on land they had to contend with this necessary evil. Others have reasoned that transpiration must be beneficial since all processes of life are of value. SHULL (18, 20) and others have shown the effect transpiration has on lowering temperatures.
I wish to present certain data which pertain to this subject and which may be divided into the following topics: transpiration as it reduces leaf temperatures; transpiration as it buffers leaf temperatures; transpiration as it enables rapid movement and distribution of inorganic solutes; transpiration as it aids photosynthesis; transpiration as it makes possible rapid, tall growth of plants; transpiration as a fact.
Transpiration as it reduces leaf temperatures A tremendous amount of work has been done to determine the effect of transpiration on leaf temperatures. One procedure has been to determine the temperature of the leaf and compare it with that of the surrounding air.
Thus CURTIS (11) points out that these obtained differences show that transpiration is of little significance since leaves usually have a higher temperature than the surrounding air. A moment's thought will show, however, that a comparison of leaf and air temperatures cannot be made since the absorption coefficient of the leaf is unlike that of the air. The capacity of the air to absorb light and radiate heat is very low, while the absorption capacity of plants is relatively high. MIx (16) reports that the sides of tree trunks exposed to the sun in winter with air temperatures below freezing will have temperatures as much as 390 F. above the shaded sides. HARVEY (12) observed that in winter a passing cloud will cause the tem-perature of exposed tree bark to drop as much as 180 F. within three minutes. Thus, although comparisons of leaf and air temperatures are interesting as ecological facts, they cannot in any sense be applied to the conclusion that transpiration does little or nothing to control leaf temperature.
Leaf temperatures have also been obtained for wilted and turgid leaves. CLUM (8) (20) has shown the possible temperature increase to vary from a few degrees in thick leaved plants to many degrees in thin leaved plants.
One preliminary experiment reported by BLACKMAN and MATTHAEI (4), although set up for another purpose, appears to be the only experiment on record which demonstrates the influence of transpiration on leaf temperature in which living leaves were used. A leaf was placed inside a very small glass cage. The petiole of the leaf was dipped into water so that the leaf would not wilt. The whole container was closed so that the only way that heat could be lost would be by emission from the glass. When this set-up was placed in bright sunlight, the temperature of the leaf rose quickly to 520 C., at which time the experiment was discontinued because brown spots were appearing and the leaf was being killed. Careful examination of this experiment will show that, although the leaf was allowed to transpire, transpiration was really eliminated so far as temperature determinations were concerned. As the leaf absorbed radiant energy, partially reduced in intensity by the glass, the transformed energy in the form of heat vaporized water and kept the temperature of the leaf down. However, as soon as the atmosphere was saturated and as more vapor entered it, a super-saturated condition resulted, and as condensation of this vapor took place, the liberated heat offset the heat originally used in transpiration; and since transpi-ration existed in equilibrium with condensation, the increase in temperature was the same as would have been the case had the leaf not been transpiring at all. It is significant that the leaf was killed by the increase in temperature.
It appears that transpiration plays a very prominent part in reducing the temperature of leaves to air temperatures. In succulents such as Opuntia, Sempervirens, etc., where transpiration activity is very low, and where almost all of the heat disposed of is done so by means of thermal emissivity, ASKENASY (1) Transpiration as a temperature buffer MAXIMOV (14) warns that if leaves were constantly heated to high temperatures, the plants would soon adjust themselves to this factor. There would, however, be a danger in such temperatures. Protoplasm is itself a delicately balanced colloidal system which cannot resist wide, sudden fluctuations in temperature. CLUM (9) , in watching the continuous temperatures of leaves, reports the largest fluctuation in 15 minutes to be 50 C. In previous work (6) light intensities were determined by means of a blackbulb thermometer inserted in a vacuum. The readings w-ere made in Centigrade degrees. Invariably at night the temperature obtained from this instrument was the same as that recorded on an ordinary thermometer, but during the day there was a difference of as much as 350 C. in the readings of the two instruments. The point to be emphasized here is that the smallest cloud passing across the sun's path would cause sudden and enormous changes in the readings of the black-bulb thermometer, in one case 260 in 10 minutes in the vacuum thermometer, whereas the air temperatures remained essentially uniform. The black-bulb thermometer varied as much as 300 C. in 30 minutes while the air temperature in the same period changed about 20. Since leaf temperatures are known to follow air temperature closely, it is obvious that the transpiration intensity fluctuates according to the fluctuations in light intensity. This then is another important role of transpiration: it makes possible a uniform temperature of leaves and serves as a buffer which in its variation in rate absorbs the irregularities of sunlight. Thus, although MAxIMov (14) believes that plants could adjust themselves to a higher temperature, it is extremely doubtful whether they could maintain a highly active metabolism and at the same time adjust themselves to an extremely variable temperature curve.
It may be pointedly remarked that no such plants appear to exist to-day. Plants such as Opuntia, with high tissue temperatures maintain a uniform temperature curve because of their massiveness, but thin leaved plants with high internal temperatures have not been observed. This would seem to be significant.
Transpiration as it enables rapid movement and distribution of inorganic solutes from roots to leaves CURTIS, in arguing that transpiration is a necessary evil to plants, disposes of the value of transpiration as a rapid distributor of inorganic solutes by stating that the salts move upward through phloem tissue and therefore not in the transpiration stream, which apparently moves through xylem tissue. In a previous paper (7) the logic in CURTIS'S experiments with which he attempted to prove this point has been criticized, and data were presented which are briefly reviewed here. CURTIS'S experiments were as follows: He selected twigs of plants in pairs and girdled one. The other twig was allowed to continue growth unharmed until the girdled twig was removed. Both twigs were then analyzed to determine the ash and nitrogen contents. His results invariably showed that the girdled twig has less of 'both materials in it than has the ungirdled twig. He concludes that the removal of a strip of bark around the twig, which breaks the continuity of the phloem, has interfered with the upward movement of the inorganic materials. This conclusion is correct, but he further concludes that this movement takes place in the phloem. This conclusion is logically unrelated to his first conclusion and also unrelated to his data, for he makes no effort to determine the amount of material which has moved through the girdle. (10) has pointed out that if molecules moved only by their own kinetic forces, the movement up trees would be extremely slow. He further points out, "It is the transpiration that gives rise to the mass movement of the water in the tracheal system, and in this current the ions and molecules are swept along." The advantage of transpiration here then is that it allows for a rapid distribution of mineral solutes once these have entered the plant. Furthermore, since this is true, a more rapid growth mechanism results in a greater extension of the root system with its resulting greater absorption.
MAXIMOV (14), in stating that plants would adjust themselves to higher temperatures if they existed, apparently forgot that in the environment of plants there are some unchanging constants. For example, were plants heated to 55°-60°C., would other factors remain in the same relation as at present ? Probably not. BLACKMAN (3) and others have shown that when the temperature is favorable for photosynthesis, 25°-30°C., CO2 absorption is the limiting factor. One can at once see the effect temperatures between 550 and 600 C. would have on the absorption of this important gas. The solubility of CO2 at 15.60 C. in 100 volumes of water is 100.5 volumes; at 26.70 C., 68.6 volumes; and at 65.60 C., 11.4 volumes. Thus the absorption of the gas would be decreased about 84 per cent.; and since CO, absorption is already the limiting factor at 300 C., at 650 C. it would make rapid growth impossible. Furthermore, if thermal emissivity were the only means of thermal dissipation, the added 10°-20°C. of temperature would similarly retard photosynthesis. In this way the limitations of salt movement and CO2 absorption without transpiration would give, instead of the luxuriant vegetation characteristic of regions where water is plentiful, a sparse, small, and slow growing flora characteristic of the desert.
Transpiration as a fact Transpiration has unquestionably been a fact since plants originated. It is due to a property of water, namely, vapor tension, and as soon as terrestrial plants developed, they were influenced by it. It would indeed seem strange if today, after many years of evolution, the development of plants had not profited by one of the fundamental properties of water. Water plants do not contend with the same factors as land plants, of course, for although they may become very large, they are never farther removed from the source of water and salts than by the distance across a few cells.
Land plants have not only been benefited by transpiration, as already pointed out, but they are dependent on it to keep them in proper nutritional balance after they have once become adapted to a aiven environment. Al-though plants of a xeromorphic nature could utilize more water than is usually available in their native haunts, to which they are driven by the more efficient users of water, there is a limit to the amount of water any land plant can use. Plants characteristic of regions with 20 inches of rainfall and bright sunshine produce a certain yield of fruit, but when grown in regions of much rainfall and cloudy weather they develop a rank, succulent growth which fruits either not at all or only sparsely. Transpiration here serves as a controller of the internal nutritional status of the plant; for as KRAUS and KRAYBILL (13) have shown, the carbohydratenitrogen relationship can be markedly changed when water utilization is altered.
Even when transpiration must be reduced, it itself brings about profound changes within the plant to accomplish this end; for as SPOEHR (21) has shown, the pentose metabolism of succulents is a function of water deficit. Since succulence is of advantage to life on the desert, the process which provides for it must likewise be advantageous.
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